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1
PREVENTION OF ALLERGY IN CHILDREN

PRIORITY INFORMATION

The present application is a divisional application of U.S.
patent application Ser. No. 11/623,424 filed on Jan. 16, 2006,
which is a continuation of PCT Application No. PCT/
SE2005/001109, filed on Jul. 5, 2005, and claims priority to
Swedish Application No. SE 0401876-8, filed on Jul. 16,
2004, all of which are incorporated herein by reference in
their entireties.

TECHNICAL FIELD

The invention refers to the use of a bacterial superantigen
for administration onto the mucous membrane in newborn
infants for the prevention of allergies, autoimmune and
inflammatory disorders.

BACKGROUND OF THE INVENTION

A number of diseases are characterized by an exaggerated
or untoward immune reactivity against harmless antigens.
Such diseases include allergies, autoimmune diseases and
inflammatory bowel diseases. Normally, immune responses
to harmless antigens are suppressed, a mechanism called
tolerance. Tolerance to specific antigens, either exogenous or
endogenous, may be induced either by mucosal or systemic
exposure.

Tolerance occurs because helper T-cells are deleted, para-
lyzed or suppressed by other T-cells, so called regulatory
T-cells.

Allergies

Allergies are defined as enhanced immune reactivity to one
or several harmless environmental antigens, so called aller-
gens. In IgE-mediated allergies, the allergic individual
mounts an IgE-antibody response to proteins in foodstuffs,
pollens, animal dander, etc. The IgE antibodies are produced
by plasma cells developed from B-cells with specificity for a
certain allergen. To become an IgE-producing plasma cell,
the B-cell must receive help from a T-cell which is specific
towards the same allergen. Activation of the T-cell by an
allergen leads to the production of cytokines which promotes
maturation of the B-cell into a plasma cell that produces IgE.
The cytokines I1.-4 and I1.-13 are especially important in this
respect. The subset of T-cells that produce such cytokines and
help B-cells to become IgE-producing plasma cells, are called
“Th2 cells” (Th=T helper cell). They also commonly produce
1L-5, a cytokine which promotes maturation of eosinophils in
the bone marrow and activation of such eosinophils that arrive
to the tissue where an allergic reaction takes place. Once IgE
antibodies are formed, they attach to mast cells in the tissues,
for example around blood vessels and in the respiratory and
gastro-intestinal tracts. When the allergic individual is
exposed to the allergen, e.g. via inhalation or ingestion,
minute amounts of intact protein allergen is taken up into the
circulation, reaches the mast cells and binds to the IgE anti-
bodies. Hereby the mast cell becomes activated and secretes
a range of mediators that trigger the allergic reaction leading
to symptoms forming disease entities such as hay fever,
asthma, urticaria, atopic eczema, food allergy and allergic
anaphylaxis.

In young children, the dominant symptom is atopic
eczema, manifested as an itchy rash, or food allergy with
gastrointestinal symptoms. Later on, the same child may
develop hay fever, i.e. an allergic reaction in the nasal
mucosa, caused by IgE-mediated hypersensitivity to environ-
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mental antigens. Non-allergic individuals do not mount IgE
antibody responses to common environmental antigens, or
develop a transient and weak IgE response to food antigens
which gradually disappears. The propensity to develop
allergy is established in the first few years of life (even if the
allergy may manifest itself much later), which has led to a
number of measures in order to try to prevent allergy devel-
opment in children. For example, exclusive breast-feeding
and avoidance of exposure to allergens has been widely pro-
moted for many years. However, these measures have been
completely ineffective, in that only minute amounts of anti-
gen is needed to trigger IgE production. Many infants may, in
fact, develop allergies to egg and cow’s milk proteins while
being exclusively breast-fed. Furthermore, children from
families who have avoided pets are no less allergic to cats and
dogs than children who have grown up with such pets in the
family.

Allergy is much more common in industrialized countries
compared to developing countries, which also applies to
autoimmune and inflammatory disorders. This has led to the
speculation that exposure to microbes in early childhood
affords proper maturation of the developing immune system.
However, it is not known which types of microbes are impor-
tant for this to occur. There is an endless variety of bacteria,
viruses and parasites, some of which might be important in
providing the right type of stimuli to the immune system,
others which may be ineffective, or even increase the risk of
developing hypersensitivity or inflammation. For example,
the microflora of the gastro-intestinal tract consists of several
hundred species, some which are aerobic, while most are
obligate anaerobes. The colonizing bacteria can be both
Gram-positive and Gram-negative which each differ greatly
in cell wall structure and their effects on the immune system.

Yoghurts and other traditional fermented food products
have been tried both as therapeutic and preventive agents
against allergy. Lactobacillus vhamnosus GG was given to
children with severe cow’s milk allergy and was shown to
ameliorate intestinal inflammation and eczema in these
patients. Based on these positive effects, Lactobacillus rham-
nosus GG was given to mothers during pregnancy and lacta-
tion, and to bottle-fed infants in their formula, as a means to
prevent development of allergy in their children.

Indeed, children who were exposed to these lactobacilli
had less eczema by two and four years of age compared to
children who were not exposed to these bacteria. However, it
is important to note that there was no reduction in IgE levels
or allergy with respiratory symptoms in children who had
been exposed to these lactobacilli during infancy (Kalliornaki
etal. Lancet. 2001 Apr. 7;357(9262):1076-9 and Kalliornaki
et al. Lancet. 2003 May 31; 361(9372):1869-71).

Staphylococcus aureus Enterotoxins

Certain bacteria produce toxins, i.e. protein molecules with
highly damaging potential. Most bacteria which produce tox-
ins are pathogenic, i.e. cause disease. But toxin-producing
bacteria may also reside in the normal flora of the respiratory
and/or gastrointestinal tracts without causing harm. For
example, newborn infants are commonly colonized by toxin-
producing Staphylococcus aureus (S. aureus) in their intes-
tines during their first year of life without showing any symp-
toms from this colonization. The toxins these strains produce:
S. aureus enterotoxin A, B, C or D, or TSST-1 (toxic shock
syndrome toxin-1) have so called superantigen function.
Superantigens have a bifunctional binding capacity: they bind
both to the major histocompatility complex IT (MHC II) mol-
ecule of an antigen-presenting cell and to the T-cell receptor.
Whereas a normal antigen only binds to T-cells that have
specificity towards just that antigen, the “superantigen” binds
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to all T-cells that share one certain 8-chain in their receptor,
i.e. belongs to a certain V8-family. This means that they bind
to and activate a large proportion (10-30%) of the T-cells in
human beings or animals, resulting in a massive cytokine
production that may lead to shock and severe symptoms, even
death. This is the mechanism behind toxic shock syndrome
caused by superabsorbent tampons. TSST-1 producing S.
aureus may colonize the tampon, produce TSST-1 which is
absorbed across the vaginal epithelium and cause shock. A
method to prevent the development of superantigen-induced
shock may be to expose mucosal surfaces to the particular
superantigen prior to challenge, which leads to specific tol-
erance to that superantigen (but not other antigens). This
desensitization has been attributed to production of IL-10
(Collins et al., Infection and Immunity, Vol. 79, No. 5, 2002).

Toxin-producing S. aureus have been implicated in the
pathogenesis of eczema, because eczematous skin lesions are
often colonized by S. aureus. It has, thus, been suggested that
toxins elaborated by S. aureus can worsen the reaction by
stimulating T-cells, leading to tissue damage.

However, this ability of superantigens to stimulate T-cells
has been suggested as a therapeutic treatment of cancers,
infectious and allergic diseases by the employment of the
superantigen to activate specific immune responses (U.S.
patent no 2001046501 to Howard et al.), and in W003002143
to Antonsson et al. engineered superantigens including sta-
phylococcal enterotoxins and TSST-1 are used in treatment of
various forms of cancer. In W09112818 to Lamb et al. super-
antigens are parenterally administered to reduce the immune
response including T-cells in order to prevent or treat rejec-
tion reactions, autoimmune disease, allergic disease and
harmful responses to infectious agents. The mechanism pro-
posed is via deletion of T-cells or via induced energy of
T-cells. However a treatment that results in anergy or deletion
of T-cells would not be recommended as prevention for
allergy in children since decreased T-cell function would lead
to a poor defense against infections.

Regulatory T-Cells (Tregs)

It is believed that allergy, autoimmune and inflammatory
disorders are prevented by so called regulatory T-cells (Treg).
These cells suppress activation of helper T-cells and thereby
down-regulate many types of immune responses. One popu-
lation of regulatory T-cells, named CD25" Treg (or CD4*
CD25"CTLA-4" T-cells) are CD4-positive T-cells that have a
high density of CD25 on their surface with a certain molecule,
CTLA-4, in their cytoplasm which functions in intracellular
expression. CD25" Tregs have a capacity to down-regulate
the expansion and activation of helper T-cells. Helper T-cells
are T-cells which enhance immune responses such as T-cell
mediated cytotoxicity, delayed type hypersensitivity and anti-
body production. Another marker that can be used to identify
Tregs is messenger RNA for the gene Foxp3. Mice and
humans which have a non-functioning Foxp3 gene develop a
syndrome with high IgE levels in the blood, severe eczema,
inflammation in the large bowel wall and autoimmune disease
in several organs. This strongly suggests that a poor function
of Tregs may cause several diseases characterized by unto-
ward or unregulated immune and inflammatory responses:
allergy, autoimmunity and inflammatory diseases.

Tregs are produced in the thymus and exit to the periphery
in the first days of life in mice. In humans, cells of the Treg
phenotype are present at birth, but express lower levels of
Foxp3 compared with cells from adults. It has been described
that the number and function of CD25* Treg can be increased
by in vitro stimulation with polyclonal activators as well as
specific antigens and transfer of these antigen-expanded cells
into mice results in delayed development of autoimmune
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disease in susceptible mice. Repeated injection of the super-
antigen Staphylococcus aureus enterotoxin A (SEA) into
v133- and V138 transgenic mice resulted in potentiated sup-
pressive function of CD25" Treg as well as induction of
suppressive function in CD25" T-cells (T-cells that do not
express CD25 on their surface and which cannot suppress
helper T-cell functions). Superantigen administrated in such a
way also results in an activation followed by a severe reduc-
tion in the number of T-cells in the animal (GrundstrOm et al.
Jour. of Immunology, 2003, 170, 5008-5017). This observed
activation/reduction together with the fact that superantigen
in the blood circulation leads to shock in humans are the main
reasons why Staphylococcal enterotoxins administered into
the blood are unsuitable for treatment of humans. Mice on the
other hand are much more resistant to the adverse effects of
superantigens.

Regulatory T-cells, so called Treg, have come into focus
recently. As discussed above, Tregs have the ability to down-
regulate many types of untoward immune responses, includ-
ing allergy, autoimmunity and inflammatory bowel disease.
Many methods have been designed to expand and activate this
cell type in vitro with the purpose to transfer these expanded
and activated cells back to the individual from whom they
were derived. In this way, severe autoimmune reactions and
transplantation rejections may, theoretically, be treated, as
indicated from animal experiments. However, it is completely
unethical and impossible to do such procedures as preventive
measures in small children.

The present invention discloses a solution to this problem
by activation of the immune system by mucosal exposure to S.
aureus toxins having a superantigen function, in order to
expand and activate regulatory T-cells in vivo in early infancy.
By this pretreatment, these cells will already be active when
the child becomes exposed to potential allergens in the food
and environment. Production of IgE antibodies will be pre-
vented and allergic diseases will not be produced in this child.
The mucosal exposure ensures that no hazardous effects are
produced. The health statuses of the infants included in this
study have been thoroughly investigated by continuous reg-
istration of symptoms. The children who were colonized by
superantigen-producing S. aureus did not exhibit more gas-
tro-intestinal or other symptoms than other children and were,
in fact, completely healthy.

As described above, S. aureus and its superantigen produc-
tion has been regarded as detrimental in development of
allergy and it has been suggested that S. aureus should be
eradicated in atopic children.

SUMMARY OF THE PRESENT INVENTION

The present invention discloses a use of bacterial superan-
tigens for the manufacture of a pharmaceutical composition
intended for the administration onto a mucous membrane in
newborn infants for the prevention of inflammatory disorders
as defined below. Examples of superantigens include, but are
not limited to the Staphylococcus aureus enterotoxins A, B,
C, D, E or TSST-1 or derivatives thereof.

In one preferred embodiment of the invention the pharma-
ceutical composition is comprised of at least one of the Sta-
phylococcus aureus enterotoxin producing strains.

In another preferred embodiment of the invention, the
pharmaceutical composition comprising the superantigen is
administered onto a mucous membrane, such as the intestinal
or the nasal mucous membrane.

In another preferred embodiment of the invention, the
pharmaceutical composition comprising the superantigen
generates regulatory T-cells in vivo.
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In a further preferred embodiment the pharmaceutical
composition comprising the superantigen is administered to a
newborn infant no later than 3 months after birth, more pref-
erably no later than one week after birth, more preferably no
later than 6 days after birth, more preferably no later than 5
days after birth, more preferably no later than 4 days after
birth and most preferably no later than 3 days after birth.

In a further preferred embodiment the invention relates to a
pharmaceutical composition, the composition being present
as a liquid formulation.

In preferred embodiment thereof the composition is
present as a liquid formulation provided with a gelling agent.

In an additional aspect of the invention, the use of the
pharmaceutical composition comprising the bacterial super-
antigen provides a method for preventing allergy develop-
ment, autoimmune and inflammatory disorders in children.

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

By the term “Inflammatory disorders or reactions” herein
and in the accompanying claims is meant diseases caused by
immune hyper-reactivity to endogenous or exogenous anti-
gens comprising diseases such as allergies; e.g. food allergy,
hay fever, asthma, urticaria, eczema, anaphylactic reactions;
inflammatory diseases; e.g. ulcerative colitis, Mb Crohn;
autoimmune diseases, e.g. type 1 diabetes, autoimmune gas-
tritis, autoimmune thyreoiditis, autoimmune haemolytic ane-
mia and thrombocytopenia, multiple sclerosis.

According to the present invention human infants who,
very early in life, have been exposed to staphylococcal super-
antigen in vivo by colonization of their intestines by toxin-
producing S. aureus (S. aureus enterotoxin A, B, C or D, or
TSST-1), are less prone to develop gastro-intestinal symp-
toms from food allergy and possibly also eczema by 18
months of age than all other infants, including those who are
colonized by non-toxin-producing S. aureus at the same site.
In another aspect of the invention, human infants who are
colonized by toxin-producing S. aureus in the first few weeks
of'life have more Tregs in their blood circulation by 4 months
of age. Furthermore, their blood cells respond with less pro-
duction of IL-5 and IL.-13 than other infants in response to
stimulation with birch pollen antigen, including those who
are colonized by non-toxin-producing S. aureus at the same
site. This suggests that they may have lesser risk of develop-
ing hypersensitivity and hay fever to birch pollen later in life.
Also human infants who are colonized by toxin-producing S.
aureus in the first few weeks of life have less T-cells with the
surface marker CD29 in their blood circulation by 4 months
of age. This suggests that they may have a lesser risk of
developing inflammatory reactions.

As described above, S. aureus and its superantigen produc-
tion has been regarded as detrimental in development of
allergy and it has been suggested that S. aureus should be
eradicated in atopic children. Thus it is indeed surprising that
exposure to staphylococcal superantigen in vivo via coloni-
zation of the mucosal surfaces in the gastro-intestinal and/or
respiratory tracts affords protection from atopy and eczema,
since the general opinion is that it is harmful to be colonized
by S. aureus and that their toxins could drive the immune
system into an allergic response by their superantigen func-
tion.

Exposure to S. aureus toxins with superantigen function
via injection into the blood circulation carries an unaccept-
able risk of side-effects. In contrast, we have found no
increased occurrence of gastrointestinal or other side-effects
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in infants colonized in their intestines with toxin-producing S.
aureus compared to non-colonized children.

The infants examined here were assessed for colonization
of the gastro-intestinal tract by toxin-producing S. aureus by
culture of a swab inserted into the rectum, or by culture of
faecal samples. The presence of S. aureus in the gastrointes-
tinal tract does not imply that the same infants may also carry
the same S. aureus strain in their nasal cavity, in which case
the toxins could exert their immune-regulating function by
effects on the nasal mucosa. However, we have observed a
similar colonization frequency of newborn infants in the gas-
tro-intestinal tract and nasal cavity, and in many cases, the
same strain was found at both sites and showed the same
toxin-producing capacity.

A puzzling observation was that only very early coloniza-
tion by toxin-producing S. aureus gave a significant protec-
tive effect. Although infants who did not develop allergy were
persistently more often colonized by toxin-producing S.
aureus than those who developed allergy, colonization which
was initiated after the first week seemed to have little effect.
This probably relates to either of two factors. Either the toxin
is only produced in the intestines in very early life. Since S.
aureus has only recently been recognized as an intestinal
colonizer, it is not known whether the necessary conditions
fortoxin production are at hand in the infantile intestinal tract.
Perhaps production of toxins requires the presence of oxygen.
The intestinal milieu is quite rich in oxygen during the first
days of life, but becomes more and more anaerobic once more
different types of bacteria establish in the intestinal tract.
Secondly, S. aureus decrease quite rapidly in population num-
bers after the first period of life, probably reflecting that they
are not “professional” intestinal bacteria but can only reach
substantial population numbers in the absence of a more
complex intestinal flora. After some months S. aureus has
decreased substantially and the amount of toxin produced
may not be large enough to affect the immune system. A third
factor may be that the intestinal mucosa is more permeable to
S. aureus toxins in very early life. A fourth factor may be that
once breast-feeding has been established, the antibodies in
the mother’s milk against S. aureus toxins reduce its chances
to affect the infant’s mucosa. Due to these factors a very early
(within 7 days) colonization of S. aureus toxin-producing
strains is probably essential. However, a direct administration
of the bacterial superantigen onto the mucous membrane in
appropriate doses may extend the time span for establishing
the preventive effect up to the age of three months.

We have not noted any significant side-effects by coloni-
zation with toxin-producing S. aureus in infancy. In this study
the parents recorded any gastrointestinal symptoms and dis-
eases in the infants and there was no association between
presence of toxin-producing S. aureus in the infant’s intes-
tines and such symptoms.

The present invention thus discloses that toxin-producing
S. aureus by their strong T-cell-activating effects are able to
induce expansion and/or maturation of regulatory T-cells that
may later afford protection from allergy and possibly other
diseases caused by untoward immune activation. Activation
of'the immune system by S. aureus toxins with superantigen
function can be exploited to afford the natural immune acti-
vation of the infant’s immune system that has been lost today
due to our overly hygienic life-style.

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings form part of the present specifica-
tion and are included to further demonstrate certain aspect of
the present invention. The invention may be better understood
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by reference to one or more of these drawings in combination
with the detailed description of the invention.

FIGS. 1 A-C show the characterization of CD25" Tregs by
their expression of surface CD4 and CD25 and intracellular
CTLA-4

FIGS. 2 A-D show the type of colonization pattern in
relation to the degree of Treg expansion

FIGS. 3 A-C shows lack of effect of S. aureus activation of
T-cells which are not regulatory.

FIGS. 4 A-E show the importance for the time-point of S.
aureus colonization and activation of Treg expansion.

FIGS. 5 A-F shows the prevention of responses to birch
allergen by early colonization with toxin-producing S.
aureus.

FIGS. 6 A-B show the effect of early S. aureus colonization
on T-cell subsets which could be effector cells in inflamma-
tory disease.

FIG. 7 shows mucosal exposure with superantigen SEA in
mice induce functional activity of regulatory T-cells

FIGS. 8 A-C show the protective ability of early coloniza-
tion with S. aureus against gastrointestinal allergic manifes-
tations.

The following examples are included to demonstrate the
preferred embodiments of the invention. It should be appre-
ciated by those skilled in the art that the techniques disclosed
in the examples which follow are given for the purpose of
illustration only and are not intended to limit the scope of the
invention.

Example 1
Characterization of CD25" Tregs

The development of CD25" Tregs during the first 4 months
of life were characterized by analysing the number of cells
expressing surface CD4 and CD25 and intracellular CTLA-4
in peripheral blood obtained at 4 months of age compared to
cord blood. FIG. 1A shows a dot plot of the expression of
CD25 and CTLA-4 on gated CD4* T-cells. The cells in the
upper right quadrant (A) were presumed to be CD25* Tregs.

However, CD25 may also be upregulated on T-cells during
activation, and whereas the average number of CD25* Tregs
was similar in newborns and children 4 months of age, the
number of CD4*CD25*CTLA-4" increased with age, indi-
cating that they represented activated T-cells. This is seen in
FIG. 1B, which shows the number of CD25* Tregs; CD4*
CD25*CTLA-4* and CD4*CD25*CTLA-4~ cellsx107° per
ml blood, respectively, in newborns and children at 4 months
of age. CD4*CD25*CTLA-4" cells are cells that recently
have been activated, expressing CD25 on the surface, but
without the intracellular expression of CTLA-4. These cells
are however not able to suppress helper T-cell functions. The
statistical significance refers to the difference between cord
blood and 4 months (paired Student’s t-test).

In order to study the development of CD25" Tregs (CD4*
CD25*CTLA-4") in each individual child, we divided the
number of CD25* Tregs at 4 months with the number of
CD25" Tregs in cord blood and the ratios are shown in FIG.
1C. Interestingly, in some children the number of circulating
CD25" Tregs increased 2 to 6-fold between birth and 4
months (ratio>1), whereas in others the count of these cells
instead decreased (ratio<1). The children were divided into
four quartiles depending on the expansion of CD25* Tregs in
blood between 0 and 4 months of age (FIG. 1C).
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Example 2

Intestinal Colonization by Toxin-Producing S. aureus
Induces Expansion of CD25" Tregs

The type of colonization pattern was examined in relation
to the degree of CD25" Treg expansion. FIG. 2A shows the
frequency of colonization with S. aureus at 3 days, 1,2, 4, and
8 weeks, in the groups of children above and below the
median ratio of CD25* Tregs. We observed that the children
who had a CD25" Treg ratio above the median were signifi-
cantly more frequently colonized by S. aureus at 3 days and at
4 weeks than the children with a CD25" Treg ratio below the
median. This was not observed for any other bacterial group
or species (data not shown).

In FIG. 2B it is shown the S. aureus colonization pattern of
infants belonging to each of the quartile with respect to
CD25* Treg expansion. A ‘dose-response’ pattern was
observed with the 4th quartile showing the most rapid acqui-
sition. In this group, 45% of the children were colonized by S.
aureus by day 3 and 91% by 4 weeks. None of the children
with a CD25" Treg ratio in the 1st quartile were colonized by
S. aureus by day 3 and only 45% by 4 weeks.

During the last decades, Staphylococcus aureus has
become a common and persistent constituent of the intestinal
microflora in Swedish infants. About 75% of the children
born in the late 1990s had S. aureus in their stools at some
point during their first year of life.

Almost 50% of the S. aureus strains residing in the gut of
Swedish children produced at least one of the staphylococcal
enterotoxins (SE) A, B, C or D or toxic shock syndrome
toxin-1 (TSST-1), all with known superantigenic function.
The question raised is if the expansion of CD25* Tregs in
approximately half of the infants coincides with the coloni-
zation of superantigen-producing S. aureus? Strains of S.
aureus were tested for their production of SEA, B, C, D and
TSST-1 and divided into toxin- and non-toxin-producing
strains. Interestingly, infants displaying CD25" Treg expan-
sion above the median were more often (P<0.06 at 2 and 4
weeks) colonized by toxin-producing S. aureus (F1G. 2C). In
contrast, colonization by non-toxin-producing S. aureus was
almost identical with the infants whose CD25* Tregs
expanded or decreased in proportion between birth and 4
months of age (FIG. 2D). The statistical significance refers to
the difference between the frequency of S. aureus coloniza-
tion between the groups of children above and below the
median ratio. This suggests that intestinal colonization by
superantigen-producing S. aureus in infants was responsible
forthe increase in CD25* Treg numbers in infants during their
first 4 months of age.

Example 3

S. aureus Does Not Induce a General Activation of
T-Cells

Apart from being a marker of CD25"* Tregs, CD25 is also
expressed by activated T-cells. FIG. 3A shows Ratio (4
months/cord blood) of number of CD4*CD25*CTLA-4~
T-cells (cells that recently have been activated, expressing
CD25 on the surface, but without the intracellular expression
of CTLA-4. These cells are not able to suppress helper T-cell
functions). In order to exclude that S. aureus induces activa-
tion of T-cells rather than generation of CD25" Tregs, the
colonization frequency in children was compared with a ratio
of the numbers of CD4*CD25"CTLA-4~ T-cells above and
below the median (2.03).
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We observed no difference in S. aureus colonization
between the groups of children at 3 days, 1, 2, 4, and 8 weeks,
above and below the median, neither for total S. aureus (FIG.
3B) nor for toxin-producing S. aureus (FIG. 3C). These
results support that toxin-producing S. aureus induce an
increase in CD25" Treg counts and not only a general activa-
tion of T-cells.

Example 4

An Early Colonization by S. aureus is Important for
the Expansion of CD25* Tregs

The effectiveness of the specific time-point of colonization
and introduction of CD25" Tregs was investigated. The
CD25* Treg expansion from birth to 4 months of age was
studied with respect to colonization with S. aureus at 3 days as
well as 1, 2, 4 or 8 weeks.

As shownin FIG. 4A, the children with intestinal S. aureus
at each time-point during their first two months of life
acquired a higher number of CD25" Tregs than the children
who were not colonized by S. aureus during their first 2
months of life. It could be observed that the expansion of
CD25* Treg was related to the time-point of appearance of S.
aureus in the intestinal flora. Exclusively the children who
were colonized as early as 3 days of age had a significant
increase in their number of CD25* Tregs compared to the
children who did not harbour S. aureus in their gut flora
during their first 8 weeks of life (FIG. 4B). Similarly, acqui-
sition of a toxin-producing S. aureus strain by day 3 was
associated with a more pronounced increase of CD25* Tregs
compared to infants never colonized with S. aureus (P<0.05,
data not shown). Acquisition of non-toxin producing S.
aureus was not associated with significant expansion of
CD25" Tregs (data not shown).

A significant relation between the colonization with S.
aureus from day 3 and the expansion of the fraction of CD4*
T-cells expressing CD25 and CTLA-4 (FIG. 4C) as well as
the fraction (FIG. 4D) and absolute number (x10~® per ml
blood) (FIG. 4E) of these cells at 4 months of age in children
colonized with S. aureus at 3 days of life compared to children
who were not colonized with S. aureus. The statistical sig-
nificance refers to the difference between the children with
intestinal colonization with S. aureus at the various time
points and the children who were not colonized with S. aureus
at any time during the first 8 weeks of life (No), *P<0.05 and
*#P<0.01 (Mann-Whitney U test).

Altogether, this suggests that appropriate stimulation of the
immune system during the very first days of life or a long-
term exposure is of importance for the induction of CD25*
Tregs.

Example 5

Colonization with Toxin-Producing S. aureus
Prevents Th2-Responses to Birch Allergen

The relation of colonization of toxin-producing S. aureus
and biological phenomena that could predict hypersensitivity
development was examined. Mononuclear cells from blood,
collected at 4 months of age, were stimulated in vitro with
birch allergen extract and analysed for cytokine production. It
was observed that the children who responded (responders)
with measurable production of 1L.-13 and IL-5 (level of detec-
tion 11 pg/ml and 14 pg/ml, respectively) were less often
colonized with toxin-producing S. aureus than the children
whose cells produced no IL.-13 or IL.-5 (non-responders) in
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response to birch allergen stimulation (FIGS. 5A and 5B). On
the other hand, birch allergen reactive children were no less
often colonized by non-toxin producing S. aureus (FIGS. 5C
and 5D). The statistical significance refers to the difference in
colonization frequency of toxin-producing S. aureus between
the responders and non-responders, *P<0.05 (Fisher’s exact
test). Production of IFN-y and IL-10 in response to birch
allergen stimulation was unrelated to S. aureus colonization
pattern (data not shown). As shown in FIGS. 5E and 5F, birch
allergen stimulation induced IL*13 and IL-5 production in
cells in only two (16%) and one (8%) infants, respectively,
who were colonized with toxin-producing S. aureus at 8
weeks of life (sa tox). In contrast, cells from about 60% of the
infants who had not been colonized with S. aureus (no sa)
produced these Th2 cytokines after birch allergen stimula-
tion. Blood cells obtained at the age of 4 months from human
infants who were colonized by toxin-producing S. aureus in
the first few weeks of life respond with less production of IL-5
and IL.-13 than other infants in response to stimulation with
birch pollen antigen, including those who are colonized by
non-toxin-producing S. aureus (sa) at the same site. This
suggests that they may have lesser risk of developing hyper-
sensitivity and hay fever to birch pollen later in life. Horizon-
tal bars indicate median cytokine production.

Example 6

Colonization with S. aureus Down-Regulates
Integrin Expression on T-cell

The effect of colonization on T-tell subsets that could be
effector cells in inflammatory disease was determined. It has
been suggested that expression of the adhesion receptor
VLA-4 composed of the proteins CD29 and CD49d is
involved in lymphocyte extravasation in several inflamma-
tory and autoimmune diseases. For example, administration
of antibodies to VLLA-4 is able to abrogate autoimmune dia-
betes in animal models. The expression of CD29 in both
CD4* and CDEr T-cells in comparison to the children who
were colonized with S. aureus atthe different time points with
those who were not colonized with S. aureus at any time
during the first 8 weeks of life, was analyzed. In FIG. 4G the
ratio (4 months/cord blood) of the fraction of 81-integrin™
cells in the CD4" (A) and CD8™" (B) T-cell populations as a
function of colonization of by S. aureus at difterent ages. The
statistical significance refers to the difference between the
children with intestinal colonization with S. aureus at the
various time points and the children who were not colonized
with S. aureus at any time during the first 8 weeks of life (No),
*P<0.05 and **P<0.01 (Mann-Whitney U test).

As shown in FIGS. 6A and 6B, the children who were
colonized by S. aureus had a decreased expression of CD29
on both CD4* and CD8" T-cells relative to children without S.
aureus colonization. To conclude, early colonization with
toxin-producing S. aureus might prevent induction of Th2-
responses to environmental allergens and down-regulate
adhesion receptor expression on T-cells.

Example 7

Increased Suppressive Ability of CD25* Treg from
Mice Treated with Mucosal SEA

Balb/c mice were given SEA or saline as a control perorally
(p.o.) starting at 4 days of age. The treated mice received six
doses of 5 microgram SEA/dose every second to third day. At
six weeks of age, mice were sacrificed and single cell suspen-
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sions were prepared from mesenteric lymph nodes (MLN).
For analysis of functional activity of putative Tregs, CD4*
CD25" and CD4*CD25™ T-cells were separated using mag-
netic beads coated with anti-CD25 (MACS system). CD4*
CD25* and CD4+CD25" T cells were cultured at different
ratios for five days in the presence of the polyclonal T-cell
mitogen ConA (FIG. 7). Proliferation was measured as incor-
poration of 3H-thymidine_ The bars show percent prolifera-
tion in co-cultured CD25* and CD25~ cells at different ratios
compared with the corresponding CD25 cells alone.

It can be seen in FIG. 7 that when infant mice are given
superantigens in a liquid solution perorally, the CD25* puta-
tive regulatory T-cells obtain an enhanced capacity to sup-
press the proliferation of CD25~ T-cells compared to CD25*
putative regulatory cells from untreated mice. This indicates
that exposure of the mucosa to superantigen induces a func-
tional activation of the regulatory T-cells which control T-cell
activation and inflammatory reactions. Although regulatory
T-cells are present in normal mice their functional activity is
considerably lower than in mice treated with superantigens.
Thus, mucosal exposure with superantigens in infants may
prevent induction of inflammatory disorders and immune
hyper-reactivity.

Example 8

Protective Ability of Early Colonization with S.
aureus Against Development of Gastrointestinal
Allergic Manifestations in 18-Month Old Children

The 64 children were grouped according to development of
gastrointestinal allergy or eczema or no allergic disease at 18
months, diagnosed by a pediatric allergologist. The frequency
of intestinal colonization with S. aureus in children in these
three groups at the ages 3 days, and 1, 2, 4 and 8 weeks had
been determined earlier. As can be seen in FIG. 8 A, children
with gastrointestinal allergy at the age of 18 months had had
significantly lower colonization frequency with S. aureus
from 3 days to 8 weeks. No significant difference in coloni-
zation frequency was found when children with eczema were
compared with healthy children. When S. aureus was divided
in toxin-producing (FIG. 8 B) and non-toxin producing
strains (F1G. 8 C), a similar trend was seen in particular for the
toxin-producing strains but because of too low numbers of
children in the groups, statistical significance was not
obtained.

Children who developed gastrointestinal allergy before 18
months acquired S. aureus later that children who remained
healthy or who developed eczema. However a trend for lower
colonization frequency with toxin-producing strains was also
seen in the children with eczema. Eczema is known to be less
predictive for later development of atopic allergy than gas-
trointestinal allergy, in that 60% of the children with eczema
later develop, positive skin prick test, asthma and hay fever.
Thus, early S. aureus colonization stands a good chance of
preventing allergy at a later age, which has to be proven by
following the children prospectively. To obtain a significant
difference with the toxin-producing strains regarding allergy
development a new study is needed in which children with
toxin-producing strains are selected in order to increase the
number of children in that group.

Pharmaceutical Compositions

The strains, toxins and the superantigen(-s) of the present
invention may be isolated in any level of purity by standard
methods and purification can be achieved by conventional
means known to those skilled in the art, such as distillation,
recrystallization and chromatography.
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The strains, toxins and the superantigen(-s) of the invention
may be administered alone or in combination with pharma-
ceutically acceptable carriers or diluents, and such adminis-
tration may be carried out in single or multiple doses.

Compositions may, for example, be in the form of tablets,
pills sachets, vials, hard or soft capsules, aqueous or oily
suspensions, aqueous or oily solutions, emulsions, powders,
granules, syrups, elixirs, lozenges, reconstitutable powders,
liquid preparations, sprays, creams, salves, jellies, gels,
pastes, ointments, liquid aerosols, dry powder formulations,
or HFA aerosols.

The compositions of the invention may be in a form suit-
able for administration through oral, buccal routes, or for
administration by inhalation or insufflation (e.g. nasal, tra-
cheal, bronchial) routes.

Depending upon the disorder and patient to be treated and
the route of administration, the compositions may be admin-
istered at varying doses.

Oral, Buccal or Sublingual

For oral, buccal or sublingual administration, the com-
pounds of the present invention may be combined with vari-
ous excipients. Solid pharmaceutical preparations for oral
administration often include binding agents (for example syr-
ups and sugars, acacia, gelatin, sorbitol, tragacanth, polyvi-
nylpyrrolidone, sodium lauryl sulphate, pregelatinized maize
starch, hydroxypropyl methylcellulose, lactose, starches,
modified starches, gum acacia, gum tragacanth, guar gum,
pectin, wax binders, microcrystalline cellulose, methylcellu-
lose, carboxymethylcellulose, hydroxypropyl methylcellu-
lose, hydroxyethyl cellulose, hydroxypropyl cellulose,
copolyvidone and sodium alginate), disintegrants (such as
starch and preferably corn, potato or tapioca starch, alginic
acid and certain complex silicates, polyvinylpyrrolidone,
sucrose, gelatin, acacia, sodium starch glycollate, microcrys-
talline cellulose, crosscarmellose sodium, crospovidone,
hydroxypropyl methylcellulose and hydroxypropyl cellu-
lose), lubricating agents (such as magnesium stearate, sodium
lauryl sulfate, talc, silica polyethylene glycol waxes, stearic
acid, palmitic acid, calcium stearate, carnuba wax, hydroge-
nated vegetable oils, mineral oils, polyethylene glycols and
sodium stearyl fumarate) and fillers (including high molecu-
lar weight polyethylene glycols, lactose, sugar, calcium phos-
phate, sorbitol, glycine magnesium stearate, starch, glucose,
lactose, sucrose, rice flotir, chalk, gelatin, microcrystalline
cellulose, calcium sulphate, xylitol and lactitol). Such prepa-
rations may also include preservative agents and anti-oxi-
dants.

Liquid compositions for oral administration may be in the
form oft for example, emulsions, syrups, or elixirs, or may be
presented as a dry product for reconstitution with water or
other suitable vehicle before use. Such liquid compositions
may contain conventional additives such as suspending
agents (e.g. sorbitol, syrup, methyl cellulose, hydrogenated
edible fats, gelatin, hydroxyalkylcelluloses, carboxymethyl-
cellulose, aluminium stearate gel, hydrogenated edible fats)
emulsifying agents (e.g. lecithin, sorbitan monooleate, or
acacia), aqueous or non-aqueous vehicles (including edible
oils, e.g. almond oil, fractionated coconut oil) oily esters (for
example esters of glycerine, propylene glycol, polyethylene
glycol or ethyl alcohol), glycerine, water or normal saline;
preservatives (e.g. methyl or propyl p-hydroxybenzoate or
sorbic acid) and conventional flavoring, preservative, sweet-
ening or colouring agents. Diluents such as water, ethanol,
propylene glycol, glycerin and combinations thereof may
also be included.
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Other suitable fillers, binders, disintegrants, lubricants and
additional excipients are well known to a person skilled in the
art.

Nasal/Inhalation

For intranasal administration or administration by inhala-
tion, the compounds ofthe present invention may be delivered
in the form of a solution, dry powder or suspension. Admin-
istration may take place via a pump spray container that is
squeezed or pumped by the patient or through an aerosol
spray presentation from a pressurized container or a nebu-
lizer, with the use of a suitable propellant, e.g., dichlorodit-
luoromethane, trichlorofluorormethane, dichlorotetrafluoro-
ethane, carbon dioxide or other suitable gas. The compounds
of the invention may also be administered via a dry powder
inhaler, either as a finely divided powder in combination with
acarrier substance (e.g. a saccharide) or as microspheres. The
inhaler, pump spray or aerosol spray may be single or multi
dose. The dosage may be controlled through a valve which
delivers a measured amount of active compound.

Materials and Methods

Infants

Sixty-four healthy Swedish infants born in 2001-2003 at
the Sahlgrenska University Hospital (Goteborg, Sweden)
were included in the study. These children formed part of a
prospective birth-cohort study aiming to investigate the rela-
tion between intestinal colonization pattern in infancy and
development of the immune system. Informed consent was
obtained from the parents and the study was approved by the
Human Research Ethics Committee of the Medical Faculty,
GOteborg University, Sweden. Cord blood was obtained
from 53 children and peripheral blood samples from 61 chil-
dren at 4 months of age (6 ml). The blood was collected in
heparinized tubes.

Flow Cytometry

Phenotypic analysis of lymphocytes in Whole blood was
performed by flow cytometry within 48 h of collection. The
following anti-human monoclonal antibodies were used:
APC-conjugated anti-CD3 (SK7) and anti-CD29 (MAR4);
FITC-conjugated anti-CD4 (SK3) and anti-CD25 (2A3);
PerCP-conjugated anti-CD8 (SKI); biotinylated anti-
CTLA-4 (BNI3). All antibodies and streptavidin-PE were
purchased from Becton-Dickinson (Erembodegum, Bel-
gium). For surface staining, whole blood (100 pl per tube)
was incubated with antibodies for 20 min at 4° C. in the dark,
2 ml of FACS lysing solution (Becton Dickinson) was added,
followed by incubation for another 15 min. When performing
intracellular staining for CTLA-4, cell-surface staining of
CD25 and CD4 was first completed before the cells were
permeabilized using a Cytofix/Cytoperm Kit (Pharmingen,
San Diego, Calif). To block non-specific staining of perme-
abilized cells, biotinylated anti-CTLA-4, isotype control anti-
body and streptavidin-PE were diluted in Perm/Wash solution
containing 1% AB-serum. Analysis was performed on a Fac-
sCalibur (Becton-Dickinson) equipped with CellQuest soft-
ware and 5000 lymphocytes were recorded.

TruCOUNT Assay

The TruCOUNT assay was used to determine the absolute
count of various subsets of lymphocytes in blood (Becton
Dickinson). Fifty pl of undiluted whole blood was stained
with PerCP-conjugted anti-CD45 antibodies in TruCOUNT
tubes. After 15 min at room temperature in the dark, 450 pl of
lyzing solution was added, followed by incubation for 15 min.
The samples were then analysed with flow cytometry. Ina dot
plot of CD45-PerCP versus SSC, the lymphocytes were
defined on the characteristics of low SSC and high CD45 and
gated accordingly. A further dot plot was created to identify
the beads using a FL.1 versus FL2 plot. The beads were
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defined as having high FL.1 and high FL2 properties. The
absolute cell count for lymphocytes was calculated using the
following formula: events of lymphocytes/events of beadsx
number of beads per TraCOUNT tube/blood volume.

Cell Cultures

Peripheral blood mononuclear cells (PBMC) were isolated
from whole blood by density gradient centrifugation over
Lymphoprep™ (Nycomed, Oslo, Norway) for 20 min (900 g,
room temperature) within 5 hours of collection. The cells
were washed three times in PBS and were adjusted to 10° per
ml in serum-free AIM-V medium (Invitrogen, San Diego,
Calif.) containing [-glutamine, 50 pg streptomycin sulfate
per ml, 10 pg gentamicin sulfate per ml and 20 pM mercap-
toethanol. The mononuclear cells were transferred to 96-well
plates and stimulated with 50 pg birch allergen extract per ml
(Greer Laboratories, Lenoir, USA) for 6 days at 37° C. with
5% CO,.

Cytokine Determination

A standard ELISA protocol was preformed as describes
elsewhere (Karlsson, H., Hessle, C. & Rudin, A. Innate
immune responses of human neonatal cells to bacteria from
the normal gastrointestinal flora. Infect Immun 70, 6688-96,
2002) All antibodies purified proteins were purchased from
BD Pharmingen, San Diego, Calif. Costar plates (Invitrogen,
San Diego, Calif.) were coated with the following anti-human
capture mAb: IL-13 (JES10-5A2), IL-5 (TRFKS5), IFN-y
(NIB42) and IL-10 (JES3-9D7). Standard curves were gen-
erated using recombinant human IL-13, IL-5, IFN-y and
1L-10, respectively. The following biotinylated mAb were
used: IL-13 (B69-2), IL-5 (JES1-5A10), IFN-y (4S.B3) and
IL-10 (JES3-12G8). Samples, standard curves, biotinylated
antibodies and streptavidin-horseradish peroxidase were
diluted in high performance ELISA dilution buffer (Sanquin,
Amsterdam, The Netherlands).

Sampling of the Intestinal Microflora

A sample of the rectal flora was obtained 3 days after
delivery using a cotton-tipped swab. Faecal samples were
obtained at 1, 2, 4 and 8 weeks and at 6 and 12 months of age
and kept under anaerobic conditions until they were pro-
cessed within 24 h after collection. Rectal swab samples were
cultured on selective and non-selective media for the isolation
of aerobic or facultatively anaerobic bacteria. The inoculate
was spread to obtain free-lying colonies. Faeces were serially
diluted in sterile peptone water, and appropriate dilutions
were plated on selective and non-selective media and incu-
bated under aerobic or anaerobic conditions for the isolation
aerobic or facultatively anaerobic bacteria and anaerobic bac-
teria, respectively.

Bacterial Identification

Enterobacteria and enterococci were isolated from Drigal-
ski and enterococcosel agar, respectively, and identified as
previously described (Adlerberth et al in manuscript 2004).
Staphylococci were quantified on staphylococcus agar, and
defined by their typical Gram-stained appearance and a posi-
tive catalase reaction. Coagulase-positive staphylococci were
identified as S. aureus, while other staphylococci were
defined as coagulase-negative (CoNS). One isolate of each S.
aureus strain was cultivated overnight in broth and tested for
toxin-production by reversed passive latex agglutination. The
SET-RPLA kit was used to detect enterotoxin A, B, C and D
and the TST-RPLA kit for TSST-1 (both from Oxoid, Hamp-
shire, Great Britain). Anaerobic bacteria belonging to the
genera Bacteroides, Bifidobacterium, Lactobacillus or
Clostridium were isolated from anaerobic cultures on
Bacteroides Bile Esculine, Beerens, Rogosa and Brucella or
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CCFA agar, respectively, and identified to the genus or spe-
cies level as previously described (Adlerberth et al in manu-
script 2004).

Assessment of Signs and Symptoms of Allergy

All children were examined by 18 months of age by a
paediatric allergologist. A structured interview was per-
formed with recording of gastro-intestinal, respiratory and
skin signs and symptoms of allergy.

Statistical Analysis

All statistical analyses were performed using GraphPad
Prism. Fisher’s exact test was used to compare S. aureus
colonization frequency in different groups of children on the
basis of various parameters as indicated in the corresponding
figure legends. Mann-Whitney U test was used to compare
expansion of different T-cell subset as a function of S. aureus
colonization at different ages and to compare levels of cytok-
ine production from PBMC from children with different colo-
nization patterns. Paired t-test was used to analyze the differ-
ence in T-cell subsets in cord blood and in peripheral blood at
4 months of age.

What is now claimed:
1. A method for reducing the incidence of an allergic dis-
order, the method comprising:

administering a pharmaceutical composition onto a
mucous membrane in a newborn human infant, wherein

the pharmaceutical composition comprises a therapeuti-
cally effective dose of (i) at least one isolated Staphylo-
coccus aureus superantigen or (ii) isolated Staphylococ-
cus aureus bacteria,

the pharmaceutical composition is administered to a new-
born infant within 3 months after birth when it comprises
isolated-Staphylococcus aureus superantigens, and

the pharmaceutical composition is administered to a new-
born infant within one week after birth when it com-
prises isolated Staphylococcus aureus bacteria.
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2. The method according to claim 1, wherein the isolated
Staphylococcus aureus bacteria are an enterotoxin producing
strain of Staphylococcus aureus.

3. The method according to claim 1, wherein the isolated
Staphylococcus aureus superantigen is selected from the
group consisting of enterotoxins A, B, C, D, E, or TSST-1.

4. The method according to claim 1, wherein the isolated
Staphylococcus aureus superantigen is Staphylococcus
aureus enterotoxin A.

5. The method according to claim 1, wherein the mucous
membrane is the intestinal mucous membrane.

6. The method according to claim 1, wherein the mucous
membrane is the nasal mucous membrane.

7. The method according to claim 5, wherein the pharma-
ceutical composition is administered to a newborn human
infant within one week after birth.

8. The method according to claim 5, wherein the pharma-
ceutical composition is administered to a newborn human
infant within 6 days after birth.

9. The method according to claim 5, wherein the pharma-
ceutical composition is administered to a newborn human
infant within 5 days after birth.

10. The method according to claim 5, wherein the pharma-
ceutical composition is administered to a newborn human
infant within 4 days after birth.

11. The method according to claim 5, wherein the pharma-
ceutical composition is administered to a newborn human
infant within 3 days after birth.

12. The method according to claim 1, wherein the pharma-
ceutical composition is generating regulatory T-cells in vivo.

13. The method according to claim 1, wherein the pharma-
ceutical composition is generating CD25+ regulatory T-cells
in vivo.

14. The method according to claim 1, wherein the allergic
disorder is an allergy.
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